The objective of this study was to evaluate the effects of dried distillers grains with solubles (DDGS) on ram lamb feedlot performance, carcass characteristics, serum testosterone concentration, and semen quality. One hundred twenty ram lambs (40.4 ± 9.1 kg; Suffolk × western white face) were used in a completely randomized design to determine the effects of DDGS on feedlot performance and carcass characteristics. Rams were allotted into one of three dietary treatments (n = 4 pens/treatment; 10 rams/pen): 1) 0DDGS: 85% corn and 15% commercial market lamb pellet, 2) 15DDGS: 15% DDGS substituted for corn (DM basis), and 3) 30DDGS: 30% DDGS substituted for corn (DM basis). Rams were weighed on consecutive days at the beginning (d 0 and 1) and end (d 96 and 97 and d 116 and 117) of the trial. Scrotal circumference was measured on all rams on d 84, 96, and 116. Semen and blood samples were collected on a subset of 48 rams (4 rams/pen; 16 rams/treatment; n = 4) to evaluate semen quality. Blood samples were collected every 14 d throughout the study. Semen samples were collected on d 84, 98, and 112. Rams were fed to market weight, shipped to a commercial abattoir, and harvested for carcass data collection. Initial BW, final BW, change in scrotal circumference, days on feed, carcass characteristics, serum testosterone concentrations, and spermatozoa motility score were not different (P ≥ 0.23) due to dietary treatment. However, DMI increased linearly (P < 0.001) as DDGS increased in the ration, resulting in a linear increase (P = 0.02) in ADG. Additionally, spermatozoa concentration decreased linearly (P = 0.05) as DDGS concentration increased in the ration. Increasing DDGS in the diet did not have a negative impact on ram feedlot performance or carcass characteristics; however, spermatozoa production may have been negatively affected, necessitating the need for additional research on the impact of DDGS on ram development.
INTRODUCTION
Ethanol production has increased exponentially in the last decade in the United States (Renewable Fuels Association, 2012) . With this expansion brings an affordable and viable feed source for ruminants, dried distillers grains with solubles (DDGS). Research involving the feeding of DDGS to ruminants has become more prominent in the past few years due to the rising costs of feedstuffs, particularly corn. During the growing and finishing phase, DDGS fed to steers at 30% of the diet did not affect any performance variable or carcass characteristic (Leupp et al., 2009) . Similar results were observed by Schauer et al. (2008) and Neville et al. (2010) who observed that finishing lamb performance and carcass characteristics were not negatively impacted when lambs were fed DDGS at 60% of the total diet. In the sheep industry as feeding of DDGS has gained acceptance, feeding of DDGS in rations of growing rams has increased. However, we are not aware of any research evaluating the effects of DDGS on male reproductive traits. Research is available on feeding increased dietary CP to growing males. Rams fed a high energy and protein diet had increased testosterone concentrations at the beginning of the trial, but as the trial duration increased, the differences in testosterone concentrations were reduced (Martin et al., 1994) . Hötzel et al. (1998) observed an increase in testosterone concentrations in Merino rams fed a diet above energy requirements. Similarly, Tilton et al. (1964) observed a reduction in semen volume in rams fed diets low in protein and energy.
We hypothesized that feeding increasing levels of DDGS would have no deleterious effects on ram feedlot performance, carcass characteristics, and semen quality but would increase testosterone concentrations. Therefore, the objectives of this study were to evaluate the effects of DDGS on ram lamb feedlot performance, carcass characteristics, serum testosterone concentration, and semen quality.
MATERIALS AND METHODS
All procedures were approved by the animal care and use committee of North Dakota State University (protocol number A11043). This study was conducted at the North Dakota State University Hettinger Research Extension Center in Hettinger, ND.
Feedlot Study
At 2 wk of age, tails were docked and ram lambs were vaccinated for Clostridium perfringens types C and D as well as for tetanus (CD-T; Bar Vac CD-T; Boehringer Ingelheim, Ridgefield, CT). Ram lambs were revaccinated with CD-T at 60 d of age (weaning) and d -1 of the study. Rams were adapted to a 85% corn and 15% commercial market lamb pellet diet (DM basis; Table 1 ) from a 100% creep pellet diet (16% CP and 3.5% crude fat) following weaning (approximately 45 d). The adaptation diets did not contain DDGS. One hundred twenty crossbred rams (Suffolk × western whiteface) were stratified by weight (initial BW 40.4 ± 9.1 kg; approximately 90 d of age) and randomly assigned to 1 of 12 outdoor pens (10 rams/pen; 12.6 m 2 /ram) with pen serving as experimental unit (n = 4 pens/treatment). Pens were assigned randomly to 1 of 3 isocaloric dietary treatments in a completely randomized design (Table 1) : 1) 0DDGS: 85% corn and 15% commercial market lamb pellet, 2) 15DDGS: 15% DDGS substituted for corn (DM basis), and 3) 30DDGS: 30% DDGS substituted for corn (DM basis). Study diets were balanced to be isocaloric and to be equal to or greater than CP and TDN requirements of a 40 kg lamb gaining 300 g/d (NRC, 2007) and to maintain a Ca:P ratio of 2:1. Rations were ground (1.25 cm screen) and mixed in a grinder-mixer (GEHL mix-all, Model 170; West Bend, WI) and provided ad libitum access via bulk feeders (49 cm bunk space/ram). Rams had continuous access to clean, fresh water, and shade. Feeders were checked daily and cleaned of contaminated feed (fecal contamination, wet feed due to precipitation, etc.). Rams were weighed on 2 consecutive d at the beginning (d 0 and 1) and end of the trial (d 96 and 97 and d 116 and 117) and weighed once every 28 d (to assist in evaluation of lambs for morbidity). Two endpoints (d 97 and d 117) were used for the trial. The first endpoint included all rams weighing at least 67 kg except those involved with the reproductive performance portion of the trial (n = 56). The second endpoint included all remaining rams (n = 63). One ram was removed from the trial prior to being shipped for slaughter due to nontreatment related purposes (antibiotic withdrawal time). At each endpoint, rams were transported (933 km) to Superior Farms in Denver, CO, for carcass data collection.
Carcass data collected included HCW, leg score, conformation score, fat depth (over 12th rib), body wall thickness, LM area, flank streaking, and quality and yield grades. Leg score, conformation score, and qual- Savell and Smith (2000) . Hot carcass weight was recorded on the day of slaughter. Carcass data were collected by trained personnel after a 24-h chill (temperature < 2ºC and humidity near 100%).
Reproductive Performance Study
Scrotal circumference was measured on all rams on d 84, 96, and 116 of the trial. Scrotal circumference was measured with the ram standing, by retaining both testes at the base of the scrotum and measuring the circumference of the scrotal tissue and the two testes combined (Martin et al., 1994) . Forty-eight rams (a subsample of the 120 rams in the feedlot study described above; 4 rams/pen; 16 rams/treatment; n = 4) were chosen for semen quality and serum testosterone concentration analysis. The 4 rams in each pen closest to the average BW of the pen (based on SE within the pen) were used. Rams were chosen through this technique to limit differences in sexual maturity due to the BW difference between the heavy and light rams within the pen. Semen was collected on d 84, 98, and 112 of the study via electroejaculation. Immediately postejaculation, a 10 μL subsample of semen was placed on a glass slide and was assessed via microscope (10x magnification) and given a spermatozoa motility score. The spermatozoa motility score, based on rate of forward movement, was determined on a 1 to 4 scale: 1) no forward movement or all dead (0-24% live sperm cells), 2) slow forward movement (25-49% live sperm cells), 3) moderate forward movement (50-74% live sperm cells), and 4) fast forward movement (≥75% live sperm cells). Spermatozoa concentration was evaluated using a 20 μL subsample of semen diluted in 3,980 μL of 3% NaCl solution and placed on a hemocytometer and assessed via microscope at 430x magnification. The hemocytometer has a counting chamber volume of 1 mm 3 . Five large squares were counted for each ejaculate sample, the four corner squares and the middle square. If the spermatozoa cells were on the borderline of these squares, the cells were counted if they were located on the top or left of the square but were not counted if they were on the bottom or right of the square. To calculate the spermatozoa concentration, number of sperm counted (in 5 squares) × dilution factor × hemocytometer factor × conversion factor = spermatozoa/mL.
The dilution rate was 1:200, the hemocytometer factor was 50, and the conversion factor (converted units to spermatozoa/cm 3 , or mL) was 1,000.
Every 14 d throughout the duration of the trial, a 10 mL blood sample was collected via jugular venipuncture with 20 gauge by 2.54 cm vacutainer needles into serum separator 16 by 100 mm tubes. Blood samples were immediately placed on ice and cooled for 4 h at 4°C when serum was harvested postcentrifugation (3,640 × g at 15ºC for 20 min). Serum was frozen at -20ºC until serum testosterone analysis (IMMULITE 1000 Total Testosterone; LKTW1; Siemens Diagnostic, Los Angeles, CA). The intra-and interassay CVs were 8.1 and 8.5%, respectively. The average testosterone concentrations for the quality control samples were 0.94 and 7.51 ng/mL for the low and high samples, respectively. The minimal detectable concentration of testosterone was 0.2 ng/mL.
Sampling and Laboratory Analysis
Ground ration samples were collected every 14 d (approximately 2.0 kg) and dried at 55°C for 48 h (The Grieve Corporation, Round Lake, IL) to determine DM. Ground ration samples were composited within dietary treatment. Orts were collected and weighed every 28 d throughout the study and dried at 55°C for 48 h to determine DMI. Dietary composite and ort samples were ground to pass a 2-mm screen (Wiley Mill; Arthur H. Thomas Co., Philadelphia, PA) and shipped to a commercial lab (Midwest Laboratories, Inc., Omaha, NE) for proximate and mineral analysis (Tables 1 and 2 
Statistical Analysis
Ram feedlot performance, carcass characteristics, and scrotal circumference were analyzed as a randomized design using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) with pen serving as the experimental unit. The fixed effect included in the model was dietary treatment with the random effect of pen nested within treatment. The fixed effect of day was used in the REPEATED measures analysis for testosterone concentrations (compound symmetry), spermatozoa motility score (variance components), and spermatozoa concentration (variance components). The model included the fixed effects of dietary treatment, day, and treatment × day. Random effects included pen nested within treatment, ram × pen × treatment, and day × pen × treatment. When a significant F-test was observed (P ≤ 0.15), preplanned comparisons of linear and quadratic contrasts were used to partition treatment effects. Significance was determined at P ≤ 0.05. All interactions that were not clearly significant (P ≥ 0.20) were removed from the model. To partition day effects and treatment × day interactions, least squares means was used (P ≤ 0.05).
RESULTS AND DISCUSSION

Feedlot Performance and Carcass Characteristics
Final BW and days on feed were not affected (P ≥ 0.50) by dietary treatment. The lack of differences observed for final BW was expected due to the rams being fed to a common average BW prior to slaughter. However, average daily gain increased (P = 0.02) linearly as DDGS in the diet increased. Previous research has suggested that lambs consuming rations containing DDGS have increased ADG compared with those lambs consuming no DDGS (Schauer et al., 2008) . However, Van Emon et al. (2012) reported that ADG was reduced in lambs fed a 50% DDGS diet and those diets containing the equivalent of protein to the 25% DDGS control lambs. Using similar diets as Van Emon et al. (2012) , Gunn et al. (2009) found similar ADG results with finishing steers. However, Richter et al. (2012) found similar results to the present study using steers that were fed a high sulfur (0.5 to 0.6%) diet, reporting that the high sulfur fed steers had reduced ADG compared with those fed a low sulfur (0.2 to 0.3%) diet. The likely reason that ADG increased in our trial was that DMI increased linearly (P < 0.001) as the amount of DDGS increased in the ration. Our results are similar to those of Schauer et al. (2008) , who observed that when DDGS inclusion was increased to 60% of the ration as a replacement for barley to feedlot lambs, DMI increased linearly. A potential reason for the increase in DMI of our trial and that of Schauer et al. (2008) could be attributed to changes in rumen pH as DDGS inclusion increases in the diet. Increasing the dietary inclusion of DDGS in the diet of ruminants has been reported to decrease ruminal pH, largely due to the presence of H 2 SO 4 (Felix and Loerch, 2011; Felix et al., 2012b) . However, reductions in ruminal pH usually are associated with decreases in voluntary feed intake (Owens et al., 1998) , not increases as were observed in our trials. Differences between DDGS and corn, in relation to ruminal pH and its effects on DMI, could be attributed to other chemical characteristics of DDGS (i.e., fat) and their interaction with decreasing ruminal pH, thereby having different effects on DMI as ruminal pH decreases in rations containing increasing concentrations of DDGS. Additionally, physical form of the diet (ground vs. whole grain) has been reported to impact ADG in feedlot lambs (Erickson et al., 1988) , with ground corn based rations having improved ADG compared to whole corn based rations. Even though all of the rations were ground through a 1.25 cm screen, DDGS is by nature of a smaller particle size than corn ground through a 1.25 cm screen. The reduced particle size of the DDGS in the rations with increasing DDGS could have played a role in palatability and subsequently intake.
In the current study, the linear increase in DMI led to a linear reduction (P < 0.001) in G:F as the inclusion of DDGS in the diet increased. Similar results were observed in lambs by Felix et al. (2012a) , who reported that as DDGS increased in the diet from 0 to 60%, there was a linear reduction in G:F. However, Huls et al. (2006) reported that when DDGS were incorporated into finishing lamb diets at 23% of the ration as a replacement of soybean meal and corn, there were no effects on feedlot performance parameters. Similar results to Huls et al. (2006) were observed by Leupp et al. (2009) , who reported that when steers were fed diets containing 30% DDGS, there was no effect on feedlot performance compared with steers fed a diet that did not contain DDGS during the growing and finishing periods. In our trial, although G:F was reduced, this did not negatively impact days on feed (P = 0.54); therefore, as expected, the DDGS did not have any deleterious effects on ram feedlot performance. Copper, mg/kg 6 9 9
Zinc, mg/kg 177 174 173
1 Diets (DM basis) were balanced to be equal to or greater than CP and energy requirements of a 40 kg ram gaining 300 g/d (NRC, 2007) . Treatments were 0DDGS: 85% corn and 15% commercial market lamb pellet, 15DDGS: 15% DDGS substituted for corn (DM basis), and 30DDGS: 30% DDGS substituted for corn (DM basis).
No differences in carcass characteristics were detected (P ≥ 0.26; Table 3) Gunn et al. (2009) observed that steers fed elevated fat and protein with DDGS had reduced marbling scores and quality grades compared with steers fed the 25% DDGS control diet. Based on our research, DDGS can be safely substituted for corn in ram finishing rations without causing a negative impact on carcass characteristics.
Reproductive Traits
No difference in the change in scrotal circumference was detected (P = 0.61; Table 3 ). There were no differences (P ≥ 0.23; data not shown) in initial (32.5 ± 2.7 cm) or final (34.1 ± 2.6 cm) scrotal circumference. It is generally accepted that growing rams 8 to 14 mo of age should have a minimum scrotal circumference of 28 cm (Merck, 1998) . The average scrotal circumference at both the initial and final measurements was higher than the industry minimum scrotal circumferences for both growing and mature rams (28 and 32 cm, respectively). Due to the lack of research evaluating DDGS and its ef- 1 Treatments were 0DDGS: 85% corn and 15% commercial market lamb pellet, 15DDGS: 15% DDGS substituted for corn (DM basis), and 30DDGS: 30% DDGS substituted for corn (DM basis).
2 n = 4.
3 P-value for the F-test of the mean for dietary treatment.
4 P-value for linear and quadratic effects of increasing dried distillers grains with solubles.
5 Adjusted fat depth and yield grades.
6 Leg score, conformation score, and quality grade: 1 = cull to 15 = high prime. 10 Spermatozoa concentrations were measured as billions per milliliter. The hemocytometer has a counting chamber volume of 1 cubic millimeter. Five large squares were counted for each ejaculate sample, the four corner squares, and the middle square. To calculate the spermatozoa concentration: Total number of sperm counted × dilution factor × hemocytometer factor × conversion factor. The dilution rate was 1:200, the hemocytometer factor was 50, and the conversion factor (converted units to spermatozoa/cubic centimeter, or mL) was 1,000.
11 Spermatozoa motility score: 1 = no forward movement, 2 = slow forward movement, 3 = moderate forward movement, and 4 = fast forward movement.
fects on male reproductive performance, we will discuss the different components (CP, fat, and sulfur) of DDGS that may be affecting reproductive traits. Contrary to the results in the current study, Martin et al. (1994) noted an increase in scrotal circumference in rams fed the high protein and energy rations compared to the rams fed the low energy and protein rations. Hötzel et al. (1998) also observed an increase in the change in scrotal circumference throughout the study in rams fed to have an increased rate of gain. Similar results were reported in bulls, in which bulls fed increasing energy in their diets had a resulting increase in testicular size (Coulter and Kozub, 1984) . Although our diets were isocaloric, the CP and crude fat of the diets increased with increasing concentrations of DDGS (Table 1) . Therefore, the results in the current study were not expected, based on the previous research evaluating increased CP concentrations in growing ram rations. There was no treatment effect (P = 0.97) or treatment × day interaction (P = 0.86) on serum testosterone concentrations (Fig. 1) . However, there was a day effect (P < 0.001; Fig. 1) , with testosterone concentration increasing as the trial progressed. This was expected as rams became more mature throughout the study; therefore, the testosterone concentrations would be expected to increase as the rams reached maturity. Hötzel et al. (1998) observed that testosterone concentrations were decreased in mature Merino rams fed a submaintenance diet compared with those fed a supramaintenance. Martin et al. (1994) observed similar results to Hötzel et al. (1998) , in which the high and intermediate energy and protein fed rams had increased testosterone concentrations compared with the low energy and protein fed rams. In the previous research (Martin et al., 1994; Hötzel et al., 1998) , the rams used were mature and therefore, state of maturity as the trial progressed may not have been a factor. Both Martin et al. (1994) and Hötzel et al. (1998) used an injection of LH to stimulate the secretion of testosterone from the leydig cells. Therefore, the LH injection simulated the natural LH surge that occurs for testosterone secretion. This may have played a role in the differences observed between the current and previous studies for testosterone concentrations. The current data suggest that testosterone concentrations in growing rams may not be negatively impacted by increasing DDGS in the diet.
Spermatozoa concentration was reduced linearly (P = 0.05; Table 3 ) as DDGS in the diet increased. There was no treatment × day interaction (P = 0.29) for spermatozoa concentration. Ram spermatozoa concentrations were not evaluated until the final 28 d of the study to ensure rams were entering a natural breeding season (shortening day length), which is crucial for ram spermatogenesis (Foote, 1978; Senger, 2005) . Coulter and Kozub (1984) observed a reduction in epididymal spermatozoa reserves and motility in bulls fed a high energy diet. Although the diets in the current study were isocaloric, the DDGS diets contained increased crude fat and CP. The current results as well as previous research (Coulter and Kozub, 1984) may suggest increased protein and/or fat in the diet cause a reduction in spermatogenesis. This may be due to increased fat deposits within the scrotum and even the spermatic cord (Senger, 2005) . The lack of evaluation of scrotal shape and morphological analysis of the spermatozoa are limitations in the current study; these are factors that can be improved upon in future research. Additionally, dry matter intake of the growing rams was also affected by dietary treatment, which may have led to the rams consuming the DDGS diets to have increased caloric and CP intake. This potential increase in caloric and/or CP intake may have led to reduced spermatozoa concentrations, similar to the results of Coulter and Kozub (1984) .
A day effect was observed for spermatozoa concentration, with spermatozoa concentrations on d 98 reduced (P ≤ 0.05; Fig. 2 ) compared with d 112 but similar to day 84 (P > 0.05). Spermatogenesis is a continuous process (Senger, 2005) , and therefore, the cause of this reduction is not readily apparent. However, this study occurred during the summer months, and temperature may have played a role in reducing sperm production. Dutt and Hamm (1957) reported a reduction in sperm concentrations and percent motile spermatozoa and an increase in abnormal spermatozoa in unshorn rams exposed to a temperature of 32°C for 1 wk. The maximum effect upon spermatozoa production was not observed until 5 wk after this exposure (Dutt and Hamm, 1957) .
There were no effects of treatment (P = 0.23) or day (P = 0.24) on the spermatozoa motility score. However, there was a treatment × day interaction (P = 0.02; Fig. 3 ). The 15DDGS rams had a reduced (P = 0.006) motility score on d 98 compared with d 112. As previously indicated (Dutt and Hamm, 1957) , temperature may have played a role in the reduction of spermatozoa motility on d 98 of the study. Tilton et al. (1964) observed no effects on spermatozoa motility in rams fed diets low in protein and energy compared with those rams fed a maintenance control diet. Although not significant (P = 0.12; Table 3), there was a linear numerical reduction in motility score as DDGS increased in the diet. However, the cause of this numerical reduction is not readily apparent. Rocha et al. (1995) did not observe any deleterious effects on spermatozoa motility or semen volume when using fish meal as a rumen undegradable protein (RUP) source. Although there was no treatment × day interaction for spermatozoa concentration, the 15DDGS rams had numerically reduced spermatozoa concentrations on d 98 compared with d 112 (0.34 vs. 0.82 billions of spermatozoa/mL), which may have led to the reduced motility score. Therefore, the reduction in spermatozoa concentration and numerical reduction in spermatozoa motility score may not be due to the increased RUP provided by the DDGS but another factor such as temperature or fat deposition.
Dried distillers grains with solubles are often used as a source of RUP; however, care must be taken when feeding DDGS due to the increased sulfur content. Therefore, the increased sulfur content of the DDGS may have led to the contradicting results between the current study and Rocha et al. (1995) . Excessive sulfur intake may be toxic and could cause decreased animal performance and possibly induce polioencephalomalacia (PEM) and death (Gould, 1998 ). In the current study, there were no detected cases of PEM. According to the NRC (2005), the maximum level of sulfur tolerated in concentrate diets is 0.3% of DM. Both the 15DDGS and 30DDGS diets were above this maximum level (Table 1) . High dietary levels of sulfur can also alter selenium and copper utilization and absorption (NRC, 2007) , which may also explain the reduction in spermatozoa concentration in the rams consuming DDGS. Richter et al. (2012) reported a reduction in copper concentrations in both the liver and plasma when steers were fed high sulfur (0.5 to 0.6%) feedlot diet compared with those fed a low sulfur (0.2 to 0.3%) feedlot diet. Therefore, increased sulfur content in the diet from DDGS may be interfering with copper absorption and could affect spermatogenesis. However, until further research is completed in the feeding of DDGS to growing ram lambs, these suggested causes are purely speculative. The effect of day on spermatozoa concentrations of growing rams. Spermatozoa were counted on a hemocytometer. The hemocytometer has a counting chamber volume of 1 mm 3 . Five large squares were counted for each ejaculate sample, the four corner squares, and the middle square. To calculate the spermatozoa concentration: number of sperm counted in the 5 squares × dilution factor × hemocytometer factor × conversion factor. The dilution rate was 1:200, the hemocytometer factor was 50, and the conversion factor (converted units to spermatozoa/cubic centimeter, or mL) was 1,000. Pvalues: treatment, P = 0.13; day, P = 0.04; treatment × day, P = 0.29. a,b Days with different superscripts differ (P < 0.05). The effects of day and dietary treatment on spermatozoa motility score of growing rams. Treatments were 0DDGS: 85% corn and 15% commercial market lamb pellet, 15DDGS: 15% dried distillers grains with solubles (DDGS) substituted for corn (DM basis), and 30DDGS: 30% DDGS substituted for corn (% DM basis). Spermatozoa motility score is based on rate of forward movement: 1 = no forward movement, 2 = slow forward movement, 3 = moderate forward movement, and 4 = fast forward movement. P-values: treatment, P = 0.23; day, P = 0.24; treatment × day, P = 0.02. a,b Day × Treatment with different superscripts differ (P < 0.05).
Additionally, similar to the accumulation of S in the conversion of corn to ethanol, other nutritional factors can be compounded in the resulting DDGS, such as phytoestrogens. Future research should evaluate the accumulation of other nutrients, minerals, and heavy metals from the ethanol generation process and determine their individual and combined effects on both male and female reproduction.
The current research suggests that growing rams can be fed diets containing up to 30% DDGS (DM basis) without causing deleterious effects to feedlot performance and carcass characteristics. However, care must be taken when feeding DDGS to growing rams due to a possible reduction in spermatozoa concentration, especially when included at 15% of the diet or higher. Due to the preliminary nature of this trial, further research is needed to elucidate why semen quality may be affected and if actual fertility of rams is compromised by feeding increasing concentrations of DDGS.
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